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AN 1NVESTIGATION OF COMPOSITION FLOORING1 
By R. R.. SHIVELY~ 

These advantages, along with the facts t ha t  the corn- 
position costs less than  tile, marble, etc., and tha t  i t  
will outwear eight or ten applications of linoleum, 

Received April 17, 1916 

In 1 8 6 i ,  Sorela found that a very hard material 

of magnesium chloride and then allowing the mixture 

compound which was formed possessed the following 
formula: MgC12.ji’vIg0.1zH20, or MgCl.OH.4Mg(OH)2. 
I H20, The investigations of Sorel initiated con- 
siderable inquiry, mostly by  French and German 
chemists. bu t  there has been a diversity of opinion 
regarding the  exact composition of the  p r ~ d u c t . ~  

During the past twenty-five years Sorel cement has 

material for so-called “composition flooring.” Ac- 
cording t o  European practice, t he  magnesia, mixed 
with various “fillers,” such as sawdust, sand, terra 

different inorganic colors, is made into a iimOrtar,,  

the material is then applied t o  the floor and leveled, 
and ,  after standing several hours, i t  is carefully trow- 
eled. After 8 or I O  hrs. the  cement sets and the sur- 
face of the flooring is then usually treated with a coat 
of oil, after which the composition is ready for use. 

I t  has been found tha t  suitable preparations of this 
type make ideal compositions for floor, base, wain- 

ri ight be produced by mixing magnesia and a solution 

to  stand for time. Sorel concluded tha t  the  flooring Of the general type described 

have made it a very popular floor in Europe, 
in Germany and 

above was introduced into the United States a short 
time after it Came into favor abroad’ American 
manufacturers have, however, experienced considerable 
difficulty in the use of Sorel cement. Some have a t -  
tributed this t o  the  differences in the climatic condi- 
tions of Europe and America, the  contention being 
tha t  the sudden changes of temperature encountered 

particularly in England and Germany. Others have 
expressed the  opinion tha t  the  principal cause of the  
failure in this country is attributable to  the  mixtures 

tures in use here have been neither scientifically 

the floors examined b y  the author are as perfect as 
could be desired, he is inclined t o  favor the latter 
explanation. If the  trouble is due t o  the  sudden 

why One floor be affected 
and not another in the same locality? 

In  1911-that is, at the time when the author be- 
came interested in this field-in New York City alone 

been extensively employed with success as a cementing in the United States are not experienced abroad, 

alba, infusorial earth or asbestos, and colored with the assertion has been made that the mix- 

by the  addition of a solution of magnesium chloride; nor even prepared. Inasmuch as many Of 

scot and stairs. When carefully prepared, the corn- there were at least twenty firms engaged in the composi- 
position is permanent, fireproof and waterproof, and tion-flooring business, the was very 

keen indeed. All of the companies were cutting 
prices in order t o  secure business and many of the firms 

it can be applied upon wood, concrete or iron base 
in a plastic form, giving a smooth, continuous surface, 
The wainscot may  also be made f rom the  same ma- were putting down the cheapest mixtures which they 
terial, thus forming a perfect seal between the  base conceive. In fact, everything possible was 
and and giving a floor devoid of cracks, being done t o  minimize the  cost of the product, with- 

Any color shade may be produced with the  exception 
of pure mrhite, and very attractive effects may be ob- made mixture. The components Of the mixtures 
tained by  using borders of different colors, a mosaic were weighed and mixed by Ordinary laborers, so t h a t  

floor a short distance f rom the wall. l\/Ioreover, the  definite consistent all of 

Out much regard for the requirements Of a 

design, or a narrow strip of another color around the  

mixture is little affected by  heat or cold, having a very 
lOI\, heat conductivity, and the  floor produced there- 
f r o m  does not impart  a feeling of coldness t o  the  feet; 
furthermore,  its absorption of water is very small and  it 
is accepted by insurance companies as fireproof. 

an under fibrous coat, about j /16 in. thick, and an 
upper coat containing less fiber, from 5/16 to I/2 

in. thick. The under fibrous coat imparts elasticity 
to  t he  material and renders the floor noiseless and 
pleasant t o  the tread. I n  fac t ,  this composition does 
not give rise t o  the fatigue experienced from the use 
Of stone, cement, terrazo or other hard floors. Fur- INGREDIEXTS: Magnesite dust color Clay alba earth 

this composition does not produce a slippery floor. 

it  was quite impossible for the mixtures to be of a 

the manufacturers were experiencing decided trouble 
with their floors. To  illustrate, the color frequently 
“went bad;” Some floors would crack or bulge, and a t  
no time could they be assured of a satisfactory floor. 
AS a result, many floors had t o  be relaid. Then, too ,  

The  composition is usually applied in tm-o coats: the cost of magnesite was constantly increasing, 
labor costs were high, and the  se1ling.price was so low 
tha t  it was impossible t o  make a reasonable profit 
Out  Of the business. 

A t  the  time of this investigation, the red mixture 
in use by the donors Of the Hydrolith 
was supposed to contain: 

Saw- Red Terra Infusoria 

thermore, even when troweled t o  a very smooth surface, Percrntages 50 9 10 11 10 1 0 

Some very good floors were made from this composi- 
tion and again some could not have been worse. I n  

they contracted and cracked badly. Then, in certain 
of the floors, the color faded decidedly, SO t ha t  in a short 
time the  appearance became very unattractive. 

Presented a t  the Urbana Meeting of the A. C. S.. April 19, 1916. 
2This report presents the results of a part  of the work done during 

the author’s tenure of the “Hydrolith Fellowship” (September 21, 1911, to 
March 1, 1913), Industrial Fellowship NO. 8. a t  the  ~ ~ i i ~ ~ ~  Institute of 
Industrial Research of the University of Pittsburgh. The  investigation 
was carried out under the direction of Dr.  Raymond F .  Bacon. 

the floors expanded, while in other 

Compi. rend. ,  66 (1867), 102. 
EXPERIMENTAL Bender ( Z .  anorg. Chem., 4 ,  644) assigned the formula MgClz.5MgO.- 

14Hz0, or MgClz.9MgO.24HzO; Davis (Chem. News.  25, 258) reported 
MgClz.5Mg0.13Hz0, while Krause (Ann., 165, 38) decided upon MgC1z.- The  investigation conducted b y  the  author a t  the 
5Mg0.18HzO as the correct formula. Mellon Instl tute of Industrial Research included 
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overcoming the  change in color, obviating the  expan- 
sion and contraction, and reducing the  cost in any  
legitimate way. 

The first experiments carried out were for the de- 
termination of the  correct amount of magnesite and 
magnesium chloride t o  be used, the effect of different 
fillers: and the  results of working samples in various 
ways. Red colored mixtures were used in this series, 
which consisted of 1000 samples. All of the  materials 
entering into the  compositions were carefully Tveighed. 
made up  into joo-g. samples and thoroughly mixed 
before the  addition of the magnesium chloride solu- 
tion. the strength and amount of which were also 
very accurately determined. 

The results of this series of experiments showed 
tha t  with the  fillers employed it was necessary t o  have 
present not less than 8 or 9 per cent of magnesium 
chloride and from 2 0  to  jo per cent of commercial 
rnngnesia. When an extremely hard and durable 
flooring composition was desired, still larger amounts 
were required. I n  samples where more than  I part 
or' magnesium chloride was employed to  3 parts of 
magnesia. there was always a tendency for the excess 
of magnesium chloride to  come to  the surface. 

In  a number of experiments, 'cerra alba was the  only 
M e r  employed wi-ch the exception of sawdust; in others 
infusorial earth was used, while in srill others clay 
was t h e  only filler besides savdus t .  These tests were 
carr:cd out in parallel, i. e . ,  each day samples were 
made containing the same percentage of magnesium 
chloride and magnesite with the same percentage of each 
of the different fillers. This was done for the purpose 
of studying the relative effect of each filler and t o  ascer- 
tain whether all acted in the  same manner. The 
only noticeable differences were in the  samples in 
which clay and infusorial earth were employed. Since 
these substances are lighter than  terra alba. it was 
found tha t  the  samples covered more space than  those 
in which terra alba alone mas used. It was also 
learned tha t ,  on account of the greater bulk of these 
substances, they hardened more slowly and invaria- 
bly gave less hard samples than  those in. which terra 
alba alone was employed. The  terra alba samples 
hardened first, those containing infusorial earth next, 
and the  ones with clay last. Clay quite appreciably 
rptarded the settling of the cement. 

Determinations were made of the least amount 
of color which could be used to  obtain the desired 
shade. Varying amounts of Venetian red were em- 
ployed, and it was ascertained tha t  I O  t o  I Z  per cent 
were necessary. Determinations were also made of 
the greatest amount of sawdust which could be used 
t o  obtain a floor xyhich would not be 1ia.ble to  expand 
or contract and would yet be of sufficient hardness. 
I t  was found tha t  samples containing 6 t o  8 per cent 
of saxdus t  were very hard and did not impart the  
proper resistance or elasticity t o  the  floor; bu t  t ha t  
samples with IO t o  12 per cent, according t o  the other 
fillers used, \\-ere very saxisfactory. Samples con- 
taining a higher percentage of saxdus t  hardened very 
slowly and those with from 16 t o  20 per cent of this 
material were always quite soft after drying. I t  was 

found, however, t ha t  this large amount of sawdust 
could be used with advantage in the under fibrous coat. 

Following the  completion of this preliminary work. 
the  author superintended the laying of a floor of ijo 
sq. ft., following the formula which had given the 
best results in the  laboratory experiments, the Com- 
position being: 

Ixrmmrzxrs: Magnesium Mag-  S a w  Red Terra 
chloride nesia dust color Clay alba 

Percentages, . . . . 10 40 10 12 20 8 

The materials were carefully weighed and thoroughly 
mixed, the dry mixture was then  incorporated with the 
calculated amount of magnesium chloride soht ion  and 
water was added until the proper consistency was a t -  
tained. The mixing was continued until all lumps had 
disappeared and the mixture was then applied over 
metallic laths. I t  hardened slomly, bu t ,  when hard, it  
gave a perfect floor which exhibited no physical changes 
after the expiration of 6 months. 

A second series of experiments was taken up in ordcr 
t o  determine the effect of different fillers upon the  
hardness, color and surface of the  floor and the  effect 
of various combinations of fillers. I t  was thought 
t ha t  such an  investigation would supply information 
which would enable one to  select the materials giving 
best results. and tha t  if there mas no difference in the 
results obtained by the  employment of various fillers. 
the  cheapest thereof could be selected. 

I t  was found tha t  in samples containing small 
percentages of magnesium chloride and oxide, the  
hardening occurred much more slowly than  when a 
greater percentage of the  actual cementing material 
was used. I n  samples containing high percentages 
of terra alba, infusorial earth or clay, the  difference 
in the  time of setting was quite noticeable: without 
exception, the samples containing terra alba hardened 
first, those containing infusorial earth next, and those 
filled with clay last. I n  samples with higher pcr- 
centages of cement, this difference was not so pro- 
nounced, bu t  still it  could be observed. I n  all experi- 
ments wherein these ingredients were added as the 
only mineral filler, the  terra alba samples were hard- 
est, and  there was little, if any, difference between 
the  clay and the  infusorial earth samples. I t  is, of 
course, a question as t o  whether this hardness will 
cause a floor t o  wear longer than  a floor with more 
resilience which gives. rather t han  wears. If, h o w  
ever, such hardness is desirable, it  can be attained 
by  using greater percentages of cement with the  clay 
and infusorial earth. I n  none of the  samples could 
any apparent objection be found t o  any  of the fillers 
in reference t o  their effect on the surface. All samples, 
whether containing but  one filler or all three, appeared 
t o  gi\-e the  same finish. I t  was found, however, t ha t  
when the samples contained a large percentage of clay 
or infusorial earth,  it  was necessary t o  use more color. 

Regarding the amount of magnesite and magnesium 
chloride necessary, the results of this series of experi- 
ments showed clearly tha t  never more than  40 per 
cent of magnesite or 1 2  per cent of magnesium chloride 
could be employed. In  tests where more than  these 
percentages were used, a very hard floor was obtained, 
whereas the smaller amount gave a sufficiently hard 
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composition. The  only samples in this series of ex- 
periments which showed a tendency t o  develop phys- 
ical defects were those which contained high per- 
centages of magnesite and magnesium chloride. I n  
every case when the  percentage of magnesium chloride 
was more than  one-third tha t  of the  magnesite, there was 
a tendency for the  excess chloride t o  come t o  the  surface. 

In  a third series of experiments an  effort was made 
t o  study the relation of the  mass of composition t o  
the  volume of magnesium chloride solution sufficient 
t o  make a mixture of the proper consistency for lay- 
ing. This was considered important,  since, in pre- 
paring the mixture, the  workmen invariably used a 
sufficient amount of magnesium chloride solution 
of a certain degree Baum6 regardless of the actual 
magnesium chloride contained therein. For exam- 
ple, it  was customary t o  use a 21' B4. solution in 
summer and an 18" BC. solution in winter. Accord- 
ingly, solutions of these strengths were used in the  
experiments. The  solid constituents of the  mixture 
were made up  t o  2jo g. and t o  these samples enough 
magnesium chloride solution was added t o  obtain 
the  proper consistoncy for laying. From the  amount 
of solution required, the  actual weight of the magne- 
sium chloride used was calculated, and from this the  
percentage of magnesium chloride in the  finished prod- 
uct was computed. 

The average amount of magnesium chloride solu- 
tion required for 3 2  samples of this composition was 
178 cc. with a maximum of 22j cc. and a minimum 
of 160 cc. The average amount of magnesium chlo- 
ride added in per cent was 1 1 .  I for the  18' Be. solution 
and 13.3 for the  2 1 "  B6. solution. The maximum 
percentage required for the  18' B6. solution was 
13.8 and the  minimum IO. 2. I t  was found tha t  
mixtures containing a large amount of clay or saw- 
dust required enough of t he  magnesium chloride solu- 
tion in mixing t o  bring the  percentage of magnesium 
chloride above the  I : 3 limit; in such samples it was 
found t h a t  there was always a tendency of the  floor 
to  warp on standing. 

These experiments demonstrated tha t ,  in order t o  
obtain the  best results, the  strength of the  magnesium 
chloride solution should be known and just sufficient 
of i t  should be added t o  secure the  correct percentage 
of magnesium chloride with enough additional water 
t o  obtain the  proper consistency. 

I n  connection with the  third series of experiments, 
slate was used as the  coloring material, hu t  it was 
found t o  give very uncertain results. Talc was also 
tried as a filler and it 'was found tha t ,  when used in 
moderate amounts, it  aided greatly in giving the 
floor a luster when properly troweled; moreover, 
the  tests showed tha t  it slightly decreased the absorp- 
tion of the material. When too much talc is used, 
horn-ever, it  constantly comes t o  the  surface, especially 
after the  sample is washed and allowed t o  dry slowly, 
Some experiments which were made t o  determine the  
largest amount of sawdust t ha t  could be used. showed 
tha t  the  greatest t h a t  could be safely and successfully 
employed was I j  per cent. I n  these samples, i t  was 
necessary not t o  have an  excess of magnesium chloride, 

for bad warping occurred when too much was used. 
Sand was also experimented with as a filler and i t  
was found tha t  a very hard composition resulted 
with a large percentage of sand. TTrhile it is difficult 
to  obtain sand of such fineness as to  permit of the pro- 
duction of a very smooth surface, it  aids in producing 
a hard durable floor. 

The results of ten other experimental series may 
be briefly noted. Efforts t o  find a substitute For 
Venetian red established the  fact t ha t  while hematite 
of desired color would cost, when using 2 j  per cent 
of color, a t  least two-thirds as much as Venetian 
red, the  color obtained was one tha t  did not meet 
with general approval and twice as much was re- 
quired t o  produce the  same color intensity as t ha t  
imparted by  the prepared calor. I n  connection with 
reducing the  cost of the  color, about 30 samples were 
made in which aniline dyes were used: none of these 
retained their color for any length of time. 

In  one series in which varying amounts of sawdust 
and asbestos were used, it was found tha t  when used 
in too great quantities, asbestos interfered somewhat 
with the  troweling; the  results obtained indicated 
tha t  not more than  j per cent of asbestos should be 
employed, since greater amounts interfered with the 
production of a good surface. 

A series of experiments was carried out for the  pur- 
pose of studying the effect of adding oil t o  the  com- 
position and then comparing the absorption of sam- 
ples made from different fillers The samples were 
all made on the  same day  and an  attempt was made t o  
trowel each sample in the same manner. In  the  
samples in which oil was used, the  oil was thoroughly 
mixed therewith, and then  ,these samples were brought 
t o  the  proper consistency by  the use of a calculated 
amount of concentrated magnesium chloride solu- 
tion and water. The  samples were allowed t o  stand 
one week and then  a part  of each sample was used 
for an  absorption test. The samples were weighed, 
immersed in water for 24 hrs., and reweighed. These 
samples were then placed aside for 4 mos., weighed, 
immersed in water, and then reweighed. The  absorp- 
tion was not proportional t o  the amount of oil used, 
bu t ,  after the samples had stood for some time, they 
all absorbed more water, with the exception of those 
in which linseed oil was used. These showed no 
indication of oil on the  surface, while those in which hard 
mineral oil was used possessed an  oily appearance. 
The results indicated tha t  the magnesium linoleate 
acted as a binder between the particles, thus lowering 
the  absorption. The samples in which a small amount 
of oil was used were sufficiently hard; but,  when a 
large amount of oil was employed, several months of 
standing were necessary for the samples t o  become satis- 
factory in this respect. The  samples without oil faded 
badly after the absorption test, while little change 
could be observed in the  color of the  samples which 
contained oil. Invariably, the samples containing 
oil set more slowly. 

Experiments were conducted with the  object of 
reducing the  cost of the composition by employing 
other materials with reduced amounts of magnesire. 
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Portland cement-magnesite mixtures had a bad 
color, absorbed a large amount of water and shrank 
on drying; in general, they resembled more closely 
the cement than  the  composition floors, Plaster of 
Paris gave compositions which dusted badly, lacked 
hardness. and set too quickly. Likewise, gypsum 
which had been heated t o  400’ C. gave samples which 
set too quickly and were no harder than  the  samples 
made from ordinary plaster of Paris. Samples pre- 
pared with the  addition of a cement made of molecu- 
lar quantities of magnesia, magnesium sulfate and 
plaster of Paris, said t o  form a white, quick-setting 
strong cement, also set quite quickly and were very 
hard, bu t  the material rubbed off easily. 

I n  the effort t o  find the material which would 
be a suitable binder for fillers or one t h a t  could well 
be used as a surface material, a number of experiments 
were made with asphalt, “Redmanite,” gelatin-glycerol 
mixtures, “Galalith,” viscose and vegetable resins. No 
results of commercial importance were obtained. 

Finally, it may be mentioned tha t  in 1912 a sec- 
tion of a floor, 1 2  ft. by  16 f t . ,  was laid in a factory 
room which was in constant use; this floor was put  
down in the  center of the room and was subjected 
t o  a great deal of wear. It was scrubbed every day 
with alkaline cleansing material and hot water. ,4t 
the  end of 7 mos. the  floor was reported to  be en- 
tirely set arid as good as terrazo. Further experience 
warranted the  conclusion tha t  the  flooring, the  com- 
position of which was identical with tha t  laid in 1911, 
noted above, was more desirable than  a floor con- 
structed from a hard,  nonpliable, highly conductive 
substance like terrazo. 

P R A C T I C A L  C O N C L U S I O N S  

The successful working of composition flooring of 
the type considered does not depend entirely upon 
the  chemical composition, bu t  also upon the mechanical 
manipulation. The exercise of constant care is neces- 
sary in laying the  floor and consequently only skilled 
workmen should be employed in practice; in particu- 
lar,  composition flooring should not be over-troweled, 
and the  necessary precautions should always be taken 
in laying floors over surfaces which are subjected t o  
heat. The  composition should be dependent upon 
the uses t o  which the  floor is t o  be p u t ;  bu t  a formula 
is given which, when suitably modified along the lines 
indicated and expertly used, will comply with the con- 
ditions usually encountered in practice. 

~ I E L L O N  IASTITUTE OF IADUSTRI~L RESEARCH 
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EMULSIFIED OR CUT PETROCEUM 
By CHARLES K. FRANCIS 
Received April 25, 1916 

.I large quantity of emulsified or “cut” oil is pro- 
duced from many wells in the  Cushing pool of Okla- 
homa. Some of the  pipe lines have refused t o  accept 
this oil claiming tha t  it contains too much sediment 
which does not separate well on standing, and the 
refineries complain tha t  it has a bad action on the  
stills. 

I t  is the author’s intention t o  present part  of the  
details of an  investigation which was undertaken 

for the  purpose of determining the nature of these 
emulsified oils and t o  suggest methods for properly 
treating them. 

The oil selected for special study was produced 
from the  Bartlesville sand and had a specific gravity 
of 0.8279 (39.1’ Be.) .  After IO min. in the centri- 
fuge, which made 14jo r. p. m. ,  the  total residue ap- 
peared t o  be 1.6 per cent. Subsequent examinations 
proved t h a t  this residue contained but  a very small 
amount of solid matter,  the  larger part  being water. 
The solid substance consisted of minute particles 
which, when measured under the  microscope, were 
found t o  vary from l , l q o 0  mm. to  l / 2 0  mm. in diameter, 
or from 98 millionths t o  19 ten-thousandths of an  inch. 

A portion of the  oil was filtered and washed with 
casing head gasoline, gravity 84’ BC. This treat-  
ment left an  insoluble residue, equivalent to  0 . j O j  

per cent, consisting of 0.277 per cent nonvolatile 
mineral matter and 0 . 2 2 8  per cent organic and volatile 
substances. 
AXALYSIS 05% RESIDUE FROM CUT OIL FROM THE BARTLESVILLE S A N U  

SUBSTANCE Per cent Based on 
Residue Oil 

Sand.. . . . . . . . . . . . . . . . . .  2.69  

Calcium chloride.. . . . . . .  I ,60 
Magnesium chloride.. . . .  0.91  
Salt . . . . . . . . . . . . . . . . . . .  7%45 

Gypsum..  . . . . . . . . . . . . . .  12.35 
0.007 
0.037 
0.019 
0 002 
0.209 

~ __ 
Tota l . .  100.00 0 . 2 7 4  . . . . . . . . . .  

There is bu t  a trace, less than  0 .  j per cent, of water 
in this oil, SO the  quantity of salts present is more 
than  sufficient t o  saturate it.  

The common method for testing an  oil for suspended 
matter,  a t  the well or while in the  stock tank ,  is to  
place some of it on a piece of glass and  then look through 
it while holding i t  t o  the  light. An experienced 
gauger can b y  means of this simple method quite 
accurately estimate the  quality of an ordinary oil, 
bu t  the  test gives no positive information concerning 
the  nature of any sediment which may be detected. 
Sometimes particles of water and gas may be thought 
t o  be mineral matter;  indeed, such mixtures often 
have the  appearance of suspended mineral matter.  
Oils holding water and gas in suspension soon settle. 
whereas oils truly cut or emulsified have been allowed 
t o  stand for weeks without clearing satisfactorily. 

The nature of any substance held in suspension in 
petroleum may be quickly determined b y  means of 
a microscope. Good oils are represented in Figs. 
I and 11-the predominating objects are water and 
gas; bu t ,  under the same magnification of the  micro- 
scope, a cut oil, t ha t  is, emulsified, will appear as 
shown in Figs. I11 and 11’. The mineral matter in 
these oils is chiefiy common salt. I n  Pig. V several 
of the more prominent crystals of this substance are 
indicated by  an  X beneath. This photograph illus- 
trates how the material shown in Fig. TI1 changed 
through evaporation while exposed t o  the air for a 
few minutes, and brings out the  character of the  mineral 
matter.  In the lower right-hand corrier of the  photo- 
graph a crystal of salt may be seen encased in a globule 
of water. 

The analysis and the  microscopical examination 
confirm each other as t o  the  nature of the  solid material 
present in this oil. The  amount of mineral residue, 


